randomized. All participants provided written informed consent.
Included were men or women aged 21 to 50 years, with mean (SE) body mass index (BMI) of 36.3 (0.5). The minimum BMI range for inclusion, as specified in the protocol, was 30 to 44. Exclusion criteria were obesity of a known endocrine origin, such as hypothyroidism or Cushing syndrome; serious/unstable medical or psychiatric illness; current major psychiatric disorder; current drug or alcohol abuse; history of or current kidney disease or renal calculi; significant liver disease; uncontrolled hypertension; current diabetes mellitus; untreated or uncontrolled thyroid disease; weight loss or gain greater than 4 kg in past 3 months; history of obesity surgery; current or recent use of weight loss medications, herbs, or supplements; current or recent use of drugs, herbs, or dietary supplements known to significantly affect body weight; concomitant medications that significantly affect cytochrome P 450 3A4 hepatic microsomal enzymes; hypersensitivity to sulfonamides; women of childbearing age not adhering to an acceptable form of contraception; pregnant or breastfeeding women; and individuals judged to be unable to follow instructions and study procedures.
Study Design
The study had 2 phases. The first was a 16-week, randomized, doubleblind, parallel-group comparison of zonisamide and placebo. At the end of this phase, participants wishing to continue received the same treatment in a single-blinded fashion for an additional 16-week extension phase.
Randomization, Medication Dosing, and Dispensing
Study participants were randomized in a 1:1 ratio to receive zonisamide (Elan Biopharmaceuticals, Dublin, Ireland) or placebo capsules. The research pharmacy dispensed the study medication under blinded conditions through computer-based randomization. The randomization was generated using a random-number table with a block size of 10 . There was no stratification by sex or other demographic variables. The study investigators were blinded to the "blocking" method used by the pharmacy. Treatment assignment codes were not available to the investigators until all patients completed the acute phase, the data had been entered, and the database for this phase was locked, precluding any subsequent changes to the data.
The study medication was dispensed in identically designed capsules-each capsule containing either 100 mg of zonisamide or placebo. The dose escalation was as follows: 1 capsule (zonisamide, 100 mg or placebo) daily for the first 2 weeks; 2 capsules (zonisamide, 200 mg or placebo) daily during weeks 3 and 4; 3 capsules (zonisamide, 300 mg or placebo) daily during weeks 5 and 6; and 4 capsules (zonisamide, 400 mg or placebo) daily from week 7 onward. At week 12, the dose could be increased further to 6 capsules (zonisamide 600 mg or placebo) daily for participants who had not lost at least 5% of their initial body weight. The entire daily dose was administered in the evening. If a patient preferred not to take all 6 capsules at one time, taking half of the daily dose in the morning was an option. Based on tolerability, dose escalation could be withheld or decreased. Medication compliance was overseen by recording the number of tablets returned and comparing this number with the number of capsules dispensed at each visit.
Diet and Lifestyle Counseling
Patients in both groups were instructed to follow an individual diet that was calculated to reduce their daily energy intake by 500 kcal/d from the amount needed to maintain weight using the World Health Organization recommendations. The prescribed diet, based on eating a variety of foods from the US Department of Agriculture Food Guide Pyramid, emphasized decreasing portions, eating more fruits and vegetables, and drinking eight 8-oz glasses of water each day. Increased physical activity was also encouraged for participants in both groups. All study participants were asked to record their dietary intake and portion sizes in provided food diaries. A registered dietitian reviewed food diaries and provided counseling to all participants, who were encouraged to make healthy changes in their diets and physical activity.
Visits and Measurements
Patients were examined at weeks 0, 2, 4, 8, 12, and 16 in the acute phase, and every 4 weeks in the extension phase. During each visit, the following assessments were performed: blood pressure, heart rate, weight, dietary compliance, medication accountability and tolerability, and adverse effects. Body weight was measured on a calibrated electronic scale to the nearest 0.1 kg. The participants were always weighed in a hospital gown and weighed twice for accuracy. A registered dietitian reviewed food diaries and assessed dietary compliance. Adverse effects were gathered via spontaneous reporting by patients as well as open-ended inquiries by the clinicians. Reportable adverse effects were new symptoms or illnesses that emerged during treatment or those that had an increase in severity compared with baseline.
Study participants also completed the Impact of Weight on Quality of Life (IWQOL) questionnaire 11 at baseline, week 8, and week 16. The IWQOL is a self-report measure with 74 items that assess the perceived effect of weight on quality of life in the following domains (subscales): health, social/interpersonal life, work, mobility, self-esteem, sexual life, activities of daily living, and eating (comfort with food). Improvement with treatment is reflected by decreasing scores on all the subscales with the exception of the eating (comfort with food) subscale, which tends to move in the opposite direction. Body composition (fat and lean masses) and bone mineral density (BMD) were determined at baseline and week 32 by dual-energy xray absorptiometry (DXA). All DXA measurements were obtained using the same equipment and techniques. Participants were instructed to fast for 8 hours and not to drink water or other bever-ages for at least 4 hours prior to DXA measurement.
End Points and Measures of Outcome
The primary study end point was change in absolute body weight in kilograms from baseline to final assessment. In addition, we examined percent change in weight and the number of participants in each group who achieved weight losses of 5% or greater and 10% or greater. Secondary outcome measures included heart rate, blood pressure, frequency of adverse effects, fasting electrolytes and lipids, waist measurement, IWQOL score, body composition, and BMD.
Statistical Analysis
All randomized patients were included in the primary analysis. Weight change during the study was assessed in terms of actual weight change over the 6 study intervals using multivariable regression methods, and as a dichotomous outcome of response, ie, 5% and 10% weight loss at week 16, and 10% weight loss at week 32. The proxy variables denoting response status were tested across treatment conditions using the Fisher exact test. Three multivariable regression analyses were conducted. In the first, body weights were regressed as above with missing observations carried forward from the last recorded weight, based on an intent-totreat (ITT) approach. For the second set of analyses, body weight at each time point was modeled using a randomeffects growth-curve model. Heuristically, the model fits a regression line for each patient using available data points, thus maximizing use of actual data. The final model was restricted to the subset of respondents with no missing data (completers). All models included covariates for age, sex, race, and baseline measures of percent body fat and BMI as well as proxy variables denoting treatment condition, time, and a term for the interaction of treatment × time. In some instances, differences between the baseline and final measures were tested with the t test.
Secondary analyses were conducted for various clinical and laboratory measures (see "End Points and Measures of Outcome" section). When appropriate, analyses were based on 2-way repeated-measures analysis of variance that included time, treatment, and their interaction (time × treatment). In each case, the interest was to determine if patients in the zonisamide group were differentially affected relative to controls as operationally determined by testing the significance of the estimated interaction term. For analysis of the IWQOL subscales, repeated measurements were taken at baseline, week 8, and week 16. In some instances, differences between the baseline and final measures were tested with the t test.
Bivariate change in body mass from baseline to week 32 by treatment condition was tested using the t test. As a null hypothesis postulating equality of variances between the 2 conditions was rejected, differences were tested using the Satterwaite method for unequal variances. Data also are presented as percent change although statistical testing was conducted using actual units. The association between change in body weight and change in fat mass was tested using ordinary least-squares regression. Change in body weight from baseline to week 32 was regressed on change in fat mass, treatment condition, and an interaction term crossing the 2 main effect variables.
The frequencies of occurrence of individual adverse effects were tested across drug conditions using the Fisher exact test. All analyses were carried out using SAS v8.0 (SAS Institute Inc, Cary, NC); P=.05 was used to determine statistical significance.
RESULTS

Patient Characteristics and Disposition
Of the 68 individuals screened for participation, 8 were ineligible (FIGURE 1). The 60 remaining patients were randomized,with 30 receiving zonisamide and 30 receiving placebo; all patients also adhered to a hypocaloric diet. Nine patients-3 in the zonisamide group and 6 in the placebo groupdropped out prematurely; thus, 51 of 60 completed the first 16 weeks.
The baseline characteristics of participants were similar between the treatment groups, except that all 5 men in the study were randomized to zonisamide (P=.08) and baseline BMI was slightly lower (P = .07) in the zonisamide group (TABLE) .
16-Week Treatment Phase
The prescribed mean (SE) highest daily dose of zonisamide was 427 (29) mg, corresponding to 4.27 capsules, whereas the placebo group received 500 mg, corresponding to 5.00 capsules.
Weight Loss. The curves for weight loss in kilograms over the 16-week duration for the zonisamide and placebo groups are shown in FIGURE 2. In the last observation carried forward 
4; PϽ.001).
Results from the longitudinal regression analyses supported differential weight loss for zonisamide-treated patients. Regardless of imputation procedure, the time × treatment interaction differed significantly from zero in all models. For the LOCF-imputed ITT model, the estimated regression coefficient associated with the interaction term predicted weight loss in excess of 0.29 kg/wk over the 16-week study period (t=6.4; PϽ.001); complementary values for the other 2 models were 0.33 kg/wk using the growth-curve model (t=10.5; PϽ.001), and 0.31 kg/wk as estimated from the model only on data for patients completing the protocol as randomized (t=6.1; PϽ.001).
In the LOCF population, 17 of 30 patients (57%) in the zonisamide group and 3 of 30 patients (10%) in the placebo group achieved a weight loss of 5% or greater at week 16 (PϽ.001). Of the 17 responders in the zonisamide group, 7 attained a weight loss of 10% or more; none of the patients in the placebo group achieved 10% weight loss (P=.005).
Other Efficacy Measures. 
Extension Phase
There were no significant group differences with regard to baseline characteristics of the extension phase participants with the exception of a slightly lower mean BMI in the zonisamide group (34.9 vs 37.3; PϽ.05). Moreover, the characteristics of those who participated in the extension phase were essentially the same as those of the 60 participants who originally entered the study. Of the 37 patients (20 zonisamide, 17 placebo) who entered the extension phase, 36 completed week 32. One patient in the zonisamide group withdrew prematurely, citing time constraints. Ten of 19 zonisamide patients and none of the placebo patients lost at least 10% weight at week 32 (PϽ.001). Mean (SE) weight changed over the 32 weeks for patients in the zonisamide group from 96.9 (3.0) kg to 87.6 (3.0) kg, whereas the change for the patients in the placebo group was from 96.4 (3.0) kg to 94.9 (3.4) kg; ie, zonisamide therapy led to a weight loss of 9.2 (1.7) kg (9.4%) at week 32 compared with 1.5 (0.7) kg (1.8%) with placebo therapy (t=4.0; PϽ.001).
The following subscales of the IWQOL scale improved more significantly in the zonisamide group vs the placebo group at week 32: health ). Baseline body mass index differed slightly between groups (P = .07).
ZONISAMIDE FOR WEIGHT LOSS IN OBESE ADULTS
©2003 American Medical Association. All rights reserved. Neither treatment was associated with a significant change in heart rate. There were no clinically significant changes in lipid levels with either treatment.
Mean (SE) fat mass for patients receiving placebo increased by 0.5% (1.5%) over the course of 32 weeks. In contrast, patients treated with zonisamide had a decrease in fat mass of 11.7% (3.2%). Satterwaite t test of this difference was significant (t=3.7; PϽ.001). A multivariable analysis regressing weight change on fat mass change, treatment, and an interaction term crossing the latter 2 variables yielded a significant interaction term indicating that weight loss for patients treated with zonisamide was significantly associated with a decrease in fat mass (t=2.2; PϽ.04). Lumbar spine BMD did not change over time in either group. Total BMD showed a small but statistically significant (PϽ.02) increase in the overall sample although there was no difference between the groups. As in the acute phase, fatigue was the only adverse event that was reported more frequently by patients treated with zonisamide than by controls (7 vs 
COMMENT
This randomized study demonstrated that zonisamide therapy combined with a hypocaloric diet produced significantly greater weight loss than dietary intervention alone in a population of obese. During the first 16 weeks, when the treatment was administered in a double-blind fashion, the superior weight loss efficacy of zonisamide over placebo was demonstrated in all the various analyses undertaken. The difference in the weight loss efficacy between the active treatment and placebo was evident by 4 weeks and increased as the study progressed.
The extension phase (second 16 weeks) of the trial demonstrated that patients receiving zonisamide therapy continued to lose weight, whereas the group that received dietary intervention and placebo lost less weight. Given the low-key adjunctive dietary and lifestyle intervention provided in this study, a mean weight loss of 9.2 kg (9.4%) at 32 weeks may be regarded as a clinically meaningful finding.
In addition to weight loss, zonisamide therapy led to improvement of some risk factors associated with obesity. Waist circumference decreased more significantly with zonisamide therapy compared with placebo, which was likely related to a greater degree of weight loss rather than being an independent effect. In addition, a reduction in systolic blood pressure was noted with zonisamide therapy although the study participants were not hypertensive at baseline. Zonisamide therapy was associated with a significant improvement of quality of life as noted by decreased scores on the following IWQOL measures: mobility, general health, occupational functioning, and activities of daily living. Because there is some evidence 12 that weight loss leads to reduction of BMD, we examined this before and after 32 weeks of treatment. No significant loss of BMD was observed for participants in our study.
Zonisamide was tolerated well in this study. Premature withdrawals were much less frequent than expected in obesity trials of similar duration. Only 1 patient withdrew from the zonisamide group citing an adverse effect. Overall, fatigue was the only adverse effect that occurred at a significantly higher frequency for zonisamide treatment than for placebo. Our data collection relied on spontaneous reporting and open-ended inquiries that may have yielded a lower frequency of adverse effects than could be elicited with structured questionnaires. Although not observed frequently in this study, the following adverse effects occurred frequently with zonisamide therapy in epilepsy trials: dizziness, cognitive impairment, and somnolence. 8, 13 Because zonisamide is a sulfonamide, there is a potential for hypersensitivity reactions. Although rare, kidney stones and serious hematologic events have been reported with zonisamide therapy in patients with epilepsy. Consistent with data from epilepsy trials, we noted an increase in serum creatinine concentration with zonisamide therapy, but not with placebo. Whereas the increase in the first 16 weeks (approximately 16%) was significant, there was no further increase in the extension phase; no value exceeded the upper limit of normal range, and there were no clinical events associated with the increase.
To our knowledge, the present study is the first clinical trial to specifically assess the therapeutic potential of zonisamide as a weight loss tool in the management of clinically defined obesity. Whereas zonisamide was associated with a small degree of weight loss as an adverse effect in the treatment of patients with epilepsy, this was investigated as the desired effect in this study, and the observed weight loss was significant and clinically meaningful.
